Exposure of Leishmania promastigotes to temperatures typical of mammals results in a stress response, which is accompanied by an increase in the steady state level of heat shock transcripts and their translation. Accumulation of the heat shock protein (hsp83) mRNA occurs due to differential decay rates at the altered temperatures, while transcription is unaffected. A similar pattern of post-transcriptional regulation was observed for a transfected chloramphenicol acetyltransferase (CAT) gene, which was flanked at both ends by intergenic regions (IR) of hsp83. Shortening the 5' untranslated region (UTR) by 100 nts produced an active CAT enzyme, but abolished the temperature-dependent regulation of the CAT -hsp83 mRNA turn-over. The 3' UTR is also involved in the temperature-dependent degradation of hsp83 mRNA, since exchange of the hsp83 3' UTR with a parallel fragment from a non-heat shock gene abolished the differential turn-over of CAT mRNA. Thus, the regulated decay of hsp83 mRNA is controlled by sequence or conformational elements present in both upstream and downstream UTRs. Like the endogenous hsp83, translation of CAT mRNA which contained hsp83 UTRs was higher at 35°C. This was observed only with transcripts in which stability increased at elevated temperatures. Modifications which abolished the temperature dependence of CAT mRNA decay, eliminated its elevated translation at the higher temperatures. The correlation suggests a mechanistic link between the translational machinery and mRNA stability.
INTRODUCTION
Organisms from the genus Leishmania exist as promastigotes in the alimentary canal of the sand fly vector. When transmitted to the mammalian host, these parasites transform into amastigotes, which reside within the lysosomal compartment of mammalian macrophages. During their life cycle the parasites are exposed to a change in temperature that triggers stage differentiation [1] .
Temperature elevation induces a stress response in Leishmania promastigotes, which is characterized by an increase in the steadystate levels of heat shock transcripts, and in their translation [2] . Although stress related proteins have been studied intensively in Leishmania [3, 4, 5, 6, 7] , the advents of suitable transfection systems in these organisms enabled a more detailed analysis of the mechanisms which regulate their expression.
Most protein coding genes in trypanosomatids are clustered as tandem repeats. The coding regions are interspaced by intergenic regions (IR), most of which are transcribed but are not translated [8] . Transcription of these gene clusters appears to be polycistronic and is followed by frans-splicing [9] and polyadenylation processes, the latter of which are coupled [10, 11] . Since trans-splicing deletes the initiation sites for transcription, no information is yet available on the boundaries of transcriptional units for protein coding genes in Leishmania, or on the location and features of their promoter elements. Recently we established that expression of the 83 kDa heat shock protein (hsp83) of Leishmania during a temperature stress is not regulated by transcriptional activation, and occurs mainly by a mechanism for differential mRNA decay. The hsp83 transcript is rapidly degraded at 26°C, while at 35°C it becomes more stable [12] . We also observed that differential gene expression in Leishmania due to the temperature dependent turn-over of mRNA is common in regulation of non-heat shock genes as well, such as a gene which is exclusively expressed in the promastigote stage (Siman-Tov et al., manuscript in preparation). With the use of transient and stable transfections we showed that the temperature dependent regulation can be transferred to a reporter gene by flanking it with intact IRs of hsp83 at both ends [8, 12] .
In this study, the involvement of the 5' and 3' untranslated regions (UTR) of hsp83 mRNA in the regulation of its expression in Leishmania was examined, using stably transfected parasite cell lines. We demonstrate here that both the 5' and 3' UTRs of hsp83 are required for the differential mRNA stability at altered temperatures. Moreover, the hybrid transcript of the chloramphenicol acetyltransferase (CAT) and hsp83 genes, which is stabilized by heat shock, is translated more efficiently at elevated temperatures, and the induction in translation is postulated to be coupled with the increased mRNA stability.
Plasmid constructions
The CAT coding gene cloned in pBluescript (pKS) was flanked by hsp83 IRs at both ends to generate pICI, as described in detail in [8] . The IRs extend from the termination codon of one gene in the cluster until the first ATG codon for the initiation of translation. Plasmids pICIA5/289, pCIA5/0, pICA3/0, pICNS and pX-CAT contained modifications of pX-ICI (Fig. 1A) , and were constructed as follows. pICIA5/289 is a derivative of pICI which includes an upstream IR fragment of 289 bp, that extends from the Pstl site at -3 relative to the first translated ATG, until the Sad site at -289. It was constructed by a partial Sad digest of pICI. pCIA5/0 is a control plasmid from which the upstream IR sequences were completely eliminated, and a complete IR fragment was retained downstream to the CAT gene. This plasmid was constructed by ligation of the pKSS3/Pstl -Sail subclone of pKS83 linearized with BcR and Kpnl, with the 0.9 kb CAT fragment, excised by a Pstl-BamHl double digest of pKSCAT [8] . The hsp83 IR and the CAT gene in pCIA5/0 were cloned in the same orientation. In the deletion plasmid denoted pICA3/0, the CAT gene was finked by an hsp83 IR only at its 5' end, and the downstream IR was completely eliminated. This plasmid was prepared by ligation of the pKS83/Pstl-Sail subclone of pKS83 [8] linearized widi Pstl and BamHl, with the 0.9 kb CAT fragment obtained by a Pstl-BamHl double digest of pKSCAT. Plasmid pICNS is a derivative of pICA3/0, in which a non-heat shock IR was cloned downstream to the CAT gene. This was achieved by joining of a 1.5 kb SaH-Ncol fragment derived from pX (denoted NS), with pICA3/0 which was linearized downstream to the CAT coding gene at the Spel site. The NS fragment included the non-coding region located upstream to the DHFR gene which signals for trans-splicing of the DHFR RNA and for the polyadenylation of the preceding 13 K transcript from Leishmania [16] . The upstream hsp83 UTR in pX-ICNS was not modified, and a complete 1.5 kb hsp83 IR was present 5' to the CAT coding gene.
All the CAT-hsp83 hybrid genes were excised from pBluescript, blunt ended and cloned into the Smal cloning site of the pX transfection vector, kindly provided by Stephen Beverley, Harvard Medical School, Boston, MA. The CAT-hsp83 hybrid genes and their optional cloning orientation in pX are depicted in Fig. 1-A and B. The first ATG codon in all the constructs originated from the CAT coding gene. The ICI fragment was cloned in two orientations in pX, one (marked # 1) similar to that of the Neo r -DHFR gene, and another (marked #2) that was the opposite. All the CAT-hsp83 deletion constructs were cloned in orientation #2, except for ICIA5/289, which was cloned in orientation # 1.
Assay of CAT activity CAT activity in extracts of stably transfected cell lines was assayed as previously described [8] , except that die length of die assay was shortened to 30 min, in order to maintain the CAT reactions widiin tiieir linear range.
Metabolic labelling and immunoprecipitation
To amplify the pX copy number prior to their labelling, transfected promastigotes were grown for one week in the presence of 1 mg/ml geneticin. Metabolic labelling was performed at the different temperatures as previously described [14] , using 3 x l 0 7 parasites that were preincubated at each temperature for 30 min, and labelled with [ Immunoprecipitation was performed as similarly described [14] on extracts obtained from an equal number of cells, and all the immunoprecipitated material was loaded on the gels. Metabolically labelled proteins from total cell extracts were analyzed by loading samples from equivalent cell numbers.
RESULTS

Generation of Leishmania cell lines
To elucidate the role of the untranslated extensions in control of mRNA stability, Leishmania cells were transfected with a CAT reporter gene, which was flanked with hsp83 IRs at both ends (pX-ICI, Fig 1A) . The hsp83 IRs provided the signals required for polyadenylation [10] and f/ww-splicing [17, 18] of the CAT gene. To map elements which were involved in temperature induced regulation of hsp83, a series of deletion and exchange mutations in the hsp83 IRs was constructed and introduced into Table 1 ). Genomic DNA from wild type and transfected cells was digested by Notl and BgUl and hybridized with probes that corresponded to the CAT coding gene (0.9 kb) and to a 1.1 kb Psil fragment from the coding region of hsp83 [8] . The CAT probe hybridized only with the 7 kb band, which represented the transfected pX DNA, linearized by Notl. This band was observed only in the transfected cell lines, and not in wild type DNA. The hsp83 coding fragment hybridized only to the endogenous hsp83 gene (3.6 kb), generated by digestion with BglR which cuts once within the repeat unit. This band was observed in DNA which was extracted from all the cell lines and from wild type L.amazonensis cells. DNA obtained from cells transfected with pX-ICI#2 yielded two pX-hybridizing bands sized 6.5 and 7 kb, which resulted from partial digestion of pX DNA in the cells. This was examined by analysis of digested and non-digested plasmid DNA (pX-ICI) along with the genomic DNA (data not shown). The pX copy number was determined by densitometric analysis ( Table 1 ). The ratio between the hybridization values of the transfected CAT and the endogenous hsp83 was first calculated, and then multiplied by the number of hsp83 repeat units in the genomic cluster, estimated to be 18 (unpublished observations).
CAT mRNAs and activity in the transfected Leishmania cell lines
The different cell lines were examined for the presence of CAT transcripts ( Fig 2B) and CAT activity (Table 1) . Cells which were transfected with pX-ICI # 1 and pX-ICI # 2 gave rise to a major CAT transcript of 2.3 kb, that yielded CAT activity. This transcript was comprised of the 0.3 kb and 0.9 kb of 5' and 3' untranslated IR sequences, respectively, in addition to the 0.9 kb CAT fragment and a polyadenylated tail. Cells transfected with pX-ICIA5/289 expressed CAT activity and generated a transcript that was smaller by approximately 0.1 kb than that obtained from transfection with pX-ICI. Cells transfected with pX-ICI # 1, pX-ICI # 2 and pX-ICIA5/289 revealed an additional minor CAT hybridizing RNA band of 1.3 kb, whose origins were unclear. The presence of upstream IR sequences was required for CAT gene expression. In its absence (pX-CIA5/0 and pX-CAT), no CAT activity was monitored in the cells despite the presence of CAT transcripts. Since the boundaries of the resultant CAT mRNAs were most likely determined by signals present within the pX vector, a different reading frame could be generated, which if translated, did not yield the CAT enzyme. The presence of downstream IR was not required for CAT gene expression, and cells transfected with pX-ICA3/0 expressed CAT activity (Table 1) . However, these cells generated multiple CAT transcripts due to the absence of a signal for 3' end formation, and it was not clear which of the transcripts was translated into the active enzyme. Thus, for the purpose of examining the role of the downstream UTR in regulation at the RNA level, the downstream hsp83 IR was exchanged with an IR derived from a non-heat shock gene (pX-ICNS). Transfection with pX-ICNS gave rise to a descrete CAT hybridizing band of 1.9 kb, which translated into an active CAT enzyme. Descrete bands were observed with the constructs in which the CAT gene was flanked by IR sequences at the 5' end and by signals for 3' end formation, either from the hsp83 IR (pX-ICI# 1, pX-ICI#2, pX-ICIA5/289) or from a non-heat shock gene (pX-ICNS). In pX-CIA5/0, a major band of 3.5 kb was observed, -h ) . The reaction products were analyzed on 6% acrylamide-8M urea gels; size markers are a labelled pBR322-#paII digest.
with additional weaker bands probably due to the absence of an upstream IR.
The upstream boundaries of the CAT mRNAs in the transfected cell lines were determined by primer extension analysis (Fig. 3) , using CAT and hsp83 specific primers. Both primers corresponded to positions 13 to 37 in the coding regions of the CAT and hsp83 genes, respectively. Utilization of wild type hsp83 RNA to extend the hsp83 primer generated a product of 392 nt (lane a) that consisted of 37 nt of the hsp83 coding region, 320 nt of the upstream UTR and 35 nt of the spliced leader, up to the capped nucleotides. The CAT extension product in pX-ICI cells (lanes b and c) was approximately 20 nt longer than that of the wild type hsp83 mRNA, due to additional nucleotides present upstream to the CAT coding region, that were a result of the cloning procedure. This extension product was observed in cells transfected with pX-ICI#l and #2, which indicates that an identical 5' upstream boundary was generated for the CAT-hsp83 mRNA in these cell lines. Similar extension products were observed in cells transfected with pX-ICNS (lane e) and pX-ICA3/0 (land d) constructs. Thus, the multiple CAT transcripts in cells transfected with pX-ICA3/0 were probably caused by different polyadenylation sites in pX, rather than by variations in the upstream boundary. Apparently several sites within the pX vector in orientation #2 could function as potential signals for 3' end-formation. The extension product of the CAT mRNA of cells transfected with pX-ICIA5/289 was approximately 100 nt smaller than that of the intact hsp83 5' UTR of pX-ICI transfected cells. Although the original hsp83 AG splice acceptor site (located at -320) and the adjacent poly-pyrimidine stretch were eliminated from pX-ICIA5/289, several alternative signals for fra/w-splicing were present in the remaining 289 bp fragment [6] . Optional elements such as these, were previously shown to be sufficient for expression of a transfected reporter gene [8, 17, 18] . The alternative AG splice acceptor site used in cells transfected with pX-ICIA5/289 (possibly at -220 [6] , lane f) was occasionally also used in cells transfected with pX-ICI # 1 (lane b), to produce the smaller extension product whose boundaries are located within the hsp83 IR. Therefore, the potential site for frans-splicing which is present upstream to the Stnal cloning site of pX (designated 5' AG, Fig. IB) was not utilized for fra/w-splicing of the CAT RNA in pX-ICIA5/289 cells.
Regulation of CAT mRNA stability by hsp83 UTRs
The effects of temperature on stability and accumulation of CAT mRNA were examined. The temperatures tested ranged between 26°C, which is the average temperature used for promastigote growth in vitro, to 35°C, the average skin temperature in mammals. RNA was extracted from cells transfected with pX-ICI#2, which were incubated for increasing time periods (1 h to 6 h) at 26°C and 35°C, in the presence or absence of Actinomycin D, at a concentration that inhibited RNA synthesis by 90% (10 /tg/ml, data not shown). Northern blots of RNA which was extracted from these cells were hybridized sequentially with probes that corresponded to the CAT coding gene, the hsp83 gene of L.amazonensis, the a-tubulin of L.enriettii and to a rDNA gene. Similar to the case with hsp83 mRNA, transcripts of CAT were abundant in cells incubated at 26°C (Fig 4A, lanes a) , and their level increased gradually upon incubation at 35°C by 2 -3 fold, for time periods that ranged from 1 h to 6 h (lanes b). Furthermore, the stability of the CAT-hsp83 mRNA resembled that of the endogenous hsp83 mRNA. Upon incubation of the cells with actinomycin D at 26°C and 35°C the CAT-hsp83 mRNA was degraded faster at 26°C (Fig 4A, lanes c) than at 35 °C (lanes d) and Fig 4B. The difference in stability was more significant for the hsp83 mRNA which originated from the endogenous gene, suggesting a potential contribution of the coding region to the mRNA stability. Unlike the CAT and hsp83 mRNAs which were more stable at 35 °C and accumulated to higher level at this temperature, the a-tubulin mRNA was less stable at 35 °C. Hybridization to the rDNA probe indicated that equal amounts of RNA were loaded. The 2.3 kb CAT transcript, and its differential regulation by temperature were observed in cells transfected with either pX-ICI # 1 or pX-ICI # 2 ( Figs 4A and 5) , which also expressed CAT activity. Thus, regulation of the CAT-hsp83 was independent from pX, since the processing signals of the CAT-hsp83 transcript were provided by the hsp83 IRs. The involvement of the upstream IR in control of mRNA decay was examined by utilizing constructs in which the CAT gene was followed by a complete downstream hsp83 IR and contained at its 5' end either a truncated IR fragment of 289 bp (pX-ICIA5/289), or no upstream IR (pX-CIA5/0, Fig. 5 ) . Although the mutation in the upstream IR in pX-ICIA5/289 cells did not eliminate CAT activity, it abolished the temperature dependence of the CAT mRNA turn-over. Incubation at 35°C did not lead to increase of the 2.2 kb CAT transcript in cells transfected with pX-ICIA5/289, as demonstrated by densitometric analysis of Northern blots (Table 1) . Furthermore, after incubation of pX-ICIA5/289 cells for 4 h at either 26°C or 35°C in the presence of actinomycin D, 70% of the original 2.2 kb CAT mRNA were still present. This indicated that changing the temperature did not affect the degradation rate of the CAT-hsp83 transcript. The amount of the minor 1.3 kb transcript which was observed in pX-ICI#l, pX-ICI#2 and in pX-ICIA5/289 (Fig. 2B, fig 5) , decreased upon heat shock (Fig 5 lanes a and b) . In pX-CIA5/0 cells, the major CAT transcript was unstable and could not accumulate at 35°C, even though a complete IR was cloned downstream to the CAT coding gene.
Northern analysis of pX-ICA3/0 cells revealed several CAT transcripts, ranging between > 6 kb, and 1.3 kb (Fig 2B) , which differed in their response to temperature elevation (35°C, data not shown). Since it was not clear which of these transcripts was translated into the active enzyme, the multiple types of CAT-hsp83 transcripts in pX-ICA3/0 cells prevented the functional analysis of the downstream UTR in mRNA stabilization. To overcome this difficulty, cells transfected with pX-ICNS, which generated a single CAT 1.9 kb transcript, were analyzed (Fig 5) . The NS fragment in this plasmid replaced the downstream hsp83 IR and provided the elements required for 3' end formation. Upon temperature elevation from 26°C to 35°C a slight increase was observed in the steady state level of the 1.9 kb CAT transcript (lanes a and b) . However, the increase in temperature did not affect the stability of this transcript, since in the presence of actinomycin D, the CAT RNA level did not change with the temperature (lanes c and d) . The slight increase in the 1.9 kb transcript at 35°C could evolve from a more efficient process of frans-splicing, due to the presence of an upstream hsp83 IR. However, the results indicate that the hsp83 downstream UTR was required to obtain a temperature dependent mRNA decay, and the presence of the hsp83 UTR at the 5' end was not sufficient for this purpose. Similar to cells transfected with pX-ICA3/0, the multiple transcripts in the pX-CAT control cells were probably generated due to recognition of random sequences in pX as processing signals. None of these transcripts could accumulate or become stable at elevated temperatures (Fig 5) .
Regulation of translation by temperature
The stress induced pattern of translation in promastigotes of L.amazonensis exposed to 35°C [2, 19, 20] resembles very much that observed for Drosophila cells [21] . Using metabolic labelling combined with immunological characterization, we previously identified L.amazonensis proteins that are differentially translated at various temperatures. At 26°C, the major protein of L.amazonensis which is labelled is tubulin (55 kDa), while at 35°C, synthesis of the 68 kDa, 70 kDa and 83 kDa hsps increases, and is accompanied by a decrease in translation of tubulin and other cellular proteins [20] .
The involvement of the flanking UTRs in translational regulation during heat shock was examined by immunoprecipitation of de novo synthesized CAT from the transfected parasite cell lines. The labelling pattern of total endogenous proteins at 35 °C revealed a typical stress response in all the pX-CAT-hsp83 cell lines (Fig. 6 lanes a-j) . Immunoprecipitation of CAT revealed that in pX-ICI#2 and pX-ICI# 1 cells, synthesis of the 24 kDa CAT protein increased at 35°C (lanes d' and f), similar to the increase observed in synthesis of the endogenous hsps at that temperature (lanes d and f) . The increase in CAT synthesis at elevated temperatures was not observed in immunoprecipitates from cells transfected with pX-ICIA5/289 (lane h') or with pX-ICNS (lane j')-Thus, it appears that common structural requirements exist for regulation of mRNA stability and translation at altered temperatures, which include hsp derived elements at either sides of the coding gene. Although the basal synthesis rate of CAT in cells transfected with pX-ICIA5/289 was weaker than that in the other cell lines, CAT enzymatic activity was not lower in these cells. The lack of correlation between the levels of mRNA and protein in the different cell lines was unclear to us, but was also observed in transfections of trypanosomes [22] . Translation of CAT at either temperature was not observed with wild type cells (lanes a, b, a', b ) or in cell lines which did not express CAT, including pX-CIA5/0 and pX-CAT transfectants (data not shown). Immunoprecipitation of CAT from cells transfected with pX-ICA3/0 was not attempted, since multiple transcripts with varied stability existed.
DISCUSSION
The involvement of the 5' and 3' UTRs in regulation of hsp83 mRNA turn-over and translation in L.amazonensis was examined. In this study we show that both the 5' and 3' non-coding extensions of hsp83 from Leishmania are involved in the temperature dependent control of mRNA decay. Shortening of the 5' UTR of the CAT-hsp83 mRNA by 100 nucleotides in pX-ICIA5/289 cells (Fig. 4) did not abolish CAT activity, but completely eliminated the effect of temperature on mRNA turnover. Involvement of the 5' non-coding sequences in the regulated decay of mRNAs has been reported in prokaryotes, for the ompA [23] and polynucleotide kinase mRNAs [24] of E.coli. In yeast, it was recently shown that unstable mRNAs are first deadenylated and then decapped, prior to their degradation which proceeds in a 5' to 3' direction [25] . Thus, elements found in both the 5' and 3' UTRs can possibly interact during the complex events that control decapping and degradation of mRNA. The results of our study demonstrate a direct involvement of sequences within the 5' UTR in the regulation of mRNA turn-over (Fig. 5 ). In trypanosomatids, 5' UTRs determine the efficiency of transsplicing [26, 27] and thereby control stage specific gene expression. This was shown for the variant surface antigen (VSG) [28] and phosphoglycerate kinase [29] genes; however, a possible role of 5' UTRs in control of mRNA stability in trypanosomatids was not elucidated.
Based on studies on hsp70 in Drosophila , indicating that the 3' UTR is responsible for the rapid mRNA degradation during recovery [30, 31] , the hsp83 3' UTR of Leishmania was expected to have a similar function. In this study we show that the 3' UTR is indeed required for the temperature dependence of mRNA turnover in the hsp83 of Leishmania. Replacing the 3' UTR with parallel sequences from a non-heat shock gene (pX-ICNS) generated CAT activity from a CAT transcript that was unaffected by temperature with respect to its decay rate, regardless of the presence of a complete hsp83 5' UTR. This result is not surprising in light of the numerous examples in which the turn-over of eukaryotic mRNAs is controlled by their downstream UTRs [32] . Based on stage specific expression of a transfected reporter gene, the involvement of 3' UTR sequences in differential gene regulation was previously suggested for the procyclic acidic repetitive protein (PARP) and for the fructose biphosphate aldolase genes in T.brucei, [33, 34] . However, the precise regulatory mechanisms involved were not examined in these cases. Several studies have indicated that polyadenylation affects both stability [35, 36, 37] and translation [38] of mRNAs. Polyadenylation may therefore be crucial for the temperature induced regulation of heat shock gene expression as well. This correlates with the developmental regulation of polyadenylation in T.brucei [39] , and remains to be examined in Leishmania.
Regulation of mRNA stability in other systems is complex, and appears to require interactions between protein factors and mRNA conformational elements (reviewed in [40] ). In this context, the requirement for both the 5' and 3' hsp83 UTRs in Leishmania to generate the temperature dependent mRNA stability may lead to different interpretations. One possibility is that the non-coding flanks interact and create a temperature dependent conformational structure which is required for RNA degradation or stabilization at a given temperature. An alternative explanation is that association of the mRNA with the ribosome may protect it from nucleolytic activity, by masking ribonuclease specific target elements. As a result, signals which control the efficiency of translation at a given temperature may indirectly affect mRNA stability. Indeed, the temperature dependence of CAT gene translation in the various Leishmania cell lines correlates with the stability of the corresponding CAT mRNAs at the different temperatures. CAT mRNA from pX-ICI cells was more stable at 35°C than at 26°C, and hence was translated more efficiently at that temperature. In contrast, CAT mRNAs from pX-ICA5/289 and from pX-ICNS cells, which were equally stable at 26°C and 35°C, were translated at similar efficiencies at either temperature. The mutation in pX-ICIA5/289 cells eliminated a polypyrimidine tract which could be required for the more efficient translation at elevated temperatures. Recent studies have shown that polypyrimidine tracts [41] and secondary structures [42] within the 5' UTR can affect translation. It is not clear as of yet, whether the association with the ribosome stabilizes the RNA, or whether RNA species which are more stable are translated at a higher efficiency. However, coupling between translatability and stability of mRNAs has already been shown in several studies, reviewed in [43] . The stabilizing effect of cycloheximide A on hsp83 mRNA in Leishmania [12] appears to contrast the linkage between translation and RNA stability. However, the presence of cycloheximide A could affect mRNA stability by an alternative route, such as inhibiting the translation of a short lived nucleolytic enzyme.
Circular plasmids introduced into Leishmania by transfection remain extra chromosomal and both plasmid strands are constitutively transcribed [17] , thus transcription appears to initiate randomly. In fact, the presence of an active 2.3 kb CAT transcript in cells transfected with both pX-ICI # 1 and pX-ICI # 2 supports that both strands of the pX transfection vector are constitutively transcribed.
Messenger RNA stability is currently recognized as a major control point for gene expression in eukaryotes, and hsp83 mRNA in Leishmania appears to have domains at its 5' and 3' ends that regulate translation and turnover. Leishmania provides an interesting system to investigate the components that influence post-transcriptional regulation of gene expression, since in these organisms, unlike in most eukaryotes, transcriptional activation does not appear to be important for the regulation of protein coding genes.
